Twenty-eight-day old male Sprague-Dawley rats were fed diets containing varying levels of protein, fat and energy for 8 weeks and were killed. Blood hemoglobin and hematocrit measured at the time of killing increased progressively with increases in the level of dietary pro tein up to 50% protein. The Mean Corpuscular Hemoglobin Concentration (MCHC; hemoglobin concentration in g/100 ml red blood corpuscles) reached a plateau in rats fed diets containing 15% protein or more. Rats consuming low (5%) and high (21.1%) fat diets had lower hemoglobin concentration and hematocrit than rats fed the diets with intermediate fat content (11.9% ); the level of dietary fat had no effect on the MCHC. Rats fed restricted amounts of diet had similar hemoglobin concentration to rats fed the same diet ad libitum; however the restricted rats had a lower hematocrit and hence a relative elevation of the MCHC.
Nutritional anemia is a world-wide prob lem (1, 2) . It is particularly prevalent among pre-school children and pregnant/ lactating women. Therefore, measurements of hemoglobin and/or hematocrit are usu ally included among nutritional assessment procedures (3) . Iron deficiency is consid ered the most frequent nutritional dis order and the leading cause of anemia. The second most common cause of nutritional anemia is folate deficiency and the third is probably vitamin Bi2 deficiency (4) . While anemia is a well-recognized feature of clinical cases of protein-energy defi ciency (5-7), protein-energy deficiency is usually not considered an important cause of the anemia often observed in subclinically malnourished persons, because it is generally believed that blood hemoglobin level is a poor index of protein nutrÃ¬ ture. However, satisfactory experimental evi dence for this belief is lacking and the studies reported here were undertaken to test its validity.
MATERIALS AND METHODS
Male Sprague-Dawley rats1 weighing 70 to 80 g were purchased and fed a lab oratory stock diet2 until they attained a weight of 90 to 110 g. They were then fed isoenergetic diets containing 2%, 5%, 10%, 15%, 25%, or 50% lactalbumin protein. Diets were given freely or in restricted amounts for 8 weeks. At each protein level, the diets of the ad libitum fed rats con tained 5%, 11.9%, or 21.1% fat as cotton seed oil. Only the diets containing 11.9% fat were given in restricted amounts. The composition of the diets is shown in table 1. All diets contained the same concentra tions of vitamins and minerals which were provided in adequate amounts (8) . The rats fed the low protein diets ad libitum ate less food than those fed diets containing higher levels of protein, but their food con- >Diets were made up, as specified, by General Biochemicals, Laboratory Park, Chagrin Falls, Ohio 44022. Â»Alldiets provide about 4.0 kcals/gThe metabolizable energy (ME) values used by General Biochemicals, are: dextrin, 3.64 kcal/g; sucrose, 4.0 kcal/g; and cottonseed oil, 9.0 kcal/g. The percentages of total energy derived from fat in the 5%, 11.9%, and 21.1% fat diets were 11.4%, 22.0%, and 45.0% respectively. The diets containing 2%, 5%, 10%, 25%, and 50% protein and 5%, 11.9%, or 21.1% fat were made by varying the protein and carbohydrate contents of each of the above three diets. For example the diet with 2% protein and 11.9% fat contained per kg: 25.0 g lactalbumin, 546.30 g dextrin, 271.70 g sucrose and 100 g cottonseed oil. 'Each 100 g. of lactalbumin contains (in g.): protein, 80; ash, 4; moisture, 6; lactose, 3; ether extractables, 6; other, 1. â€¢Thedextrin:sucrose ratio was determined by the optimal amounts for pelletability whenever pellets were desired. Only powdered diets were used in the experiments reported in this paper.
' Rogers and Harper (9) . The vitamin and salt mix tures provided, in mg/kg diet. Folie acid, 0.5; Vitamin Bu, 30; Iron, 4.9. 'The fiber added to the diets was a white, finely ground product purified from wood by Brown and Company, New York, New York. It has the following composi tion: crude fiber 64.85% ; pentosans, hexosans and galactosans, 26.99%; moisture, 7.7%; ash, 0.3% and reducing substances, trace.
sumption per unit of body weight was higher (7) . Rats with restricted intake were fed either 50% or 75% of the amount of diet consumed ad libitum by rats of similar weight irrespective of their age; their food was usually provided between 15:00 to 17:00 hours, and all of it was gen erally consumed by the early evening. The rats were housed individually in wiremesh cages located in a room with auto matically controlled 12 hours of light and dark every day and were given water ad libitum.
Diets were removed from the rats 12 to 15 hours before they were anesthetized by intraperitoneal injections of phÃ©nobarbital,3 5 mg/100 g body weight. The abdominal wall and thoracic cage were opened and blood drawn from the right atrium into a heparinized syringe. All blood samples were drawn between 08:00 and 10:00 hours. Blood collection was completed within 5 minutes after injection of the anesthetic in order to minimize any effect of the drug on blood constituents.
Hemoglobin was estimated by the cyanmethemoglobin method described by Drabkin and Austin (9); a commercial system * was used for sample preparation. Hematocrit was determined by the micromethod of Strumia, Sample and Hart ( 10 ) using a microhematocrit centrifuge5 and reader.6 Mean Corpuscular Hemoglobin Concentration (MCHC, hemoglobin con centration in g/100 ml red blood cor- 1Results are means in g/100 ml Â±SD. Number of rats is in parenthesis, libitum intake. *Expressed as g protein/100 g diet.
1Expressed as percentage of ad puscles) was calculated from the equation:
MCHC hemoglobin concentration in g/100 ml hematocrit: % X 100.
The data were analyzed by multiple re gression analysis (11) . The significance of differences between groups was indicated by a P value which is the probability as sociated with the F-statistic for testing the differences after adjusting for all other in dependent variables in the regression. The magnitude of the differences between groups was shown by calculating the mean values for each group after adjustments for all other factors.
RESULTS
The hemoglobin and hematocrit data are presented in tables 2 to 5. (8) 1Results are percentages Â±sp. Number of rats is in parenthesis. 2Expressed as g fat/100 g diet. Â» Expressed as g protein/100 g diet. Fig. 1 Effects of level of dietary protein on hemoglobin concentration, plasma albumin con centration and body weight in the rat. Results are for 12-week old rats fed the diets for 8 weeks; the values were adjusted for levels of dietary fat and energy. The measurements of body weight ( O ) and plasma albumin ( A ) were made at the time of killing on the same rats on which the hemoglobin ( O ), hematocrit and MCHC data were obtained. All three indices were significantly related (P = 0.0001) to the level of dietary protein.
diet ad libitum; hence restriction of energy intake was associated with relative eleva tion of MCHC values.
DISCUSSION
The results of this study confirm pre vious reports that anemia is a constant feature of protein-energy deficiency. This anemia has been observed in clinical cases of protein-energy malnutrition (5-7), in semi-starvation (12) and in experimental protein-energy deficiency (13) (14) (15) (16) . The anemia of clinically evident protein-energy deficiency is usually normochronic and normocytic and responds to treatment with protein (6, 7) ; however, it is sometimes complicated by deficiencies of specific hemopoetic agents such as iron and folacin (6, 7). Orten and Orten (16) have shown that the drop in concentration of hemo globin in protein-deficient rats is due to decreased protein intake and that iron in take had no influence on the hematological changes.
The data reported here suggest that, in the rat, hemoglobin concentration, hematocrit and MCHC are very sensitive to level of protein intake. The use of blood hemo globin and hematocrit for the assessment of protein status, however, has the limita tion that they are also affected by defi ciencies of other nutrients and that the values increased continuously with in creases in dietary protein up to a level of 50% protein; there was no specific cut-off value which could be used for the diag nosis of protein deficiency. If the findings in the rat can be reproduced in humans, blood hemoglobin and hematocrit values should provide very valuable measures for comparing the protein status of popula tion groups and for before-and-after com parisons of protein-energy nutriture during evaluation of food supplementation pro grams.
Some studies in which children were fed a high protein supplement have found no change in hemoglobin concentration (17, 18) . In such instances, availability of iron may have been the limiting factor for hemoglobin synthesis. The special supple mental food program for women, infants and children provided iron as well as pro tein supplements and an increase in the hemoglobin concentration of infants and children who received the supplements for 6 to 11 months was reported (19) . The absence of a significant change in percent saturation of transferrin in the children indicated that the iron supplement prob ably had a permissive, rather than a pri mary, role.
MCHC was also directly related to di etary protein; the mean value rose with increasing level of dietary protein but at tained a plateau of about 32.1% in rats fed ad libitum diets containing protein at a level of 15% or higher. This value could be used as a cut-off limit for assessing the adequacy of protein intake in the rat. There may be a corresponding cut-off value for man. Evidently, dietary factors other than iron deficiency can affect the MCHC so that a low value for this mea surement is not specific for iron deficiency. This lack of specificity makes the MCHC an unreliable index of iron status espe cially when it is used in studies of popula tion groups in which both protein-energy and iron deficiencies may coexist. Further more, most cases of human protein energy deficiency are combinations of protein de ficiency and semi-starvation; under such conditions, there may be no net change in MCHC since protein deficiency depresses this index while energy restriction tends to elevate it.
The relationship of diet to blood hemo globin, hematocrit and MCHC is complex. The hematological results represent a state of balance between changes in plasma vol ume, alteration of cellular water content and adjustments in red cell mass. An in crease in plasma volume usually occurs in protein energy deficiency (6, 12, 18) ; how ever a drop to nearly normal or even sub normal values has been reported in some edematous patients (6, 18) . There is a con comitant reduction in intracellular water (18) . The changes in plasma volume can alter hemoglobin concentration and hema tocrit while a change in the amount of in tracellular water can affect the MCHC.
In malnutrition, a reduction in red cell mass invariably occurs concomitant with the decrease in body mass (6, 7, 12, 18) . The factors responsible for this apparent adaptation of erythrocyte mass to body mass are not fully understood. Diet pro vides the amino acids required for the synthesis of protoporphyrin and of globin; hence the availability of amino acids could be limiting for the synthesis of hemoglobin especially in semi-starved animals and those fed low-protein diets. This regulation may be achieved through a direct effect of amino acid supply on erythropoiesis or else is mediated through the actions of hormones. The secretion of erythropoietin has been suggested as a possible mecha nism of control (6, 20) . Diet also alters the secretion and/or release of key hormones which regulate protein synthesis. For in stance, the fasting plasma levels of thyroxin and of immunoreactive insulin are reduced in protein deficiency and return to normal after protein supplementation (18) . The synthesis of hemoglobin and the release of red cells into the circulatory system may be related, in some way, to these alterations in endocrine function.
